A review of recent swine crossbreeding experiments is presented and integrated with earlier work. Variation among experiments in observed heterosis for specific crosses was large for reproduction and sow productivity traits. However, standard errors of estimates were also large. It seems likely that heterosis, expressed in absolute values or in percentage units, is different for specific crosses. It is unclear whether these differences are large enough to warrant the use of unique parameter values for comparisons of alternate mating systems. In addition to average heterosis values, average direct and maternal genetic effects are given.
Introduction
The introduction of hybrid seed corn in the 1930's, followed by its phenomenal success in commercial production, prompted swine producers to seriously consider crossbreeding. Since then, crossbreeding has become the predominant mating system employed in the production of market pigs.
Experiment station investigation into the effects of crossbreeding began in the 1980's. Otis (1904) , in one of the first published reports, found that crossbreds gained better than purebreds. Excellent reviews of the early crossbreeding research have been presented by Lush et al. (1939) , Craft (1953) and Fredeen (1957) . Bichard and Smith (1972) 2 Dept. of Anita. Sei.
crossbreeding within its economic context and made an attempt to predict the future value of the breeding system. They concluded that the optimum crossing system is likely to involve the use of a specialized male line on a crossbred female. The male line may be an F l, or it may be a synthetic line partially stabilized from a crossbred base. Understanding of the genetic basis of crossbreeding effects was enhanced by Henderson (1948) , who modified the models of Sprague and Tatum (1942) to estimate general, specific and maternal combining ability and sex-linked effects. Further analytical approaches have been developed for predicting the relative merit of crossbreeding systems in terms of a few parameters (Dickerson, 1969 (Dickerson, , 1973 . Sellier (1976) reviewed much of the recent European crossbreeding research and used Dickerson's approach to compare different crossing schemes.
The objectives of this report were (1) to review swine crossbreeding research reported since 1970 and conducted with breeds commonly available in the United States and (2) to integrate these results with earlier work. Dickerson (1969) defined the mean performance of breeds and breed crosses in terms of direct and maternal average genetic effects of breeds (gI and gM), individual and maternal heterosis (h I and h M), individual and maternal recombination effects (r I and r M) and maternal granddam effects (gM i, h M ! and r M i ). Knowledge of these parameters for breeds and breed crosses would allow comparison of various crossing schemes, with some simplifying assumptions. For example, Dickerson (1973) expressed the fractions of heterosis, recombination loss and differential maternal and paternal performance of dam and sire breeds expected for alternative systems of breed use. Relative industry-wide efficiencies of some alternative methods of breed utilization in market pig 9O6 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 4, 1981 production were compared, but assumed levels of performance and genetic parameters were used.
Materials and Methods
The importance of recombination loss in pigs has not been shown experimentally. However, estimates of the other parameters can be obtained from recent crossbreeding experiments. Experiments conducted in Iowa (Bereskin et al., 1971; Schneider, 1978) , Oklahoma (Young et al., 1976a,b; Johnson et al., 1978 ; E. R. Wilson and R. K. Johnson, unpublished manuscript; L. K. Hutchens and R. K. Johnson, unpublished data) , Canada (Fahmy et al., 1971; Dufour and Fahmy, 1975) , Wisconsin (Kuhlers et al., 1972 (Kuhlers et al., , 1977 and North Carolina (Nelson and Robison, 1976a) had similar designs and several breeds in common. Means from these experiments were used for the estimation of breed and heterosis effects (Johnson, 1980) .
It is virtually impossible to experimentally compare all possible crossing schemes with all breeds presently available. Computer simulation allows comparison of systems, but to be useful, accurate estimates of differences in genetic parameters among specific crosses are necessary. In this paper, an attempt is made to determine whether heterosis is breed-cross specific. Also, specific estimates of direct and maternal genetic breed effects are compared and overall averages presented. The limited information on crossbred males is presented and discussed.
Results

Individual Heterosis
Reproduction. Estimates of individual heterosis for specific breed crosses for reproductive performance are presented in table 1. All of the estimates for age at puberty are negative. Although there was little overlap in the breeds involved, recent estimates of heterosis for age at puberty (L. K. Hutchens and R. K. Johnson, unpublished data) are lower than earlier estimates (Foote et al., 1956; Zimmerman et al., 1960; Clark et al., 1970) . Averaged over all experiments, crossbreds were 14.3 days younger at puberty than purebreds.
Heterosis estimates for conception rate have been quite variable, ranging from -5.8 to 7.2% (Johnson et al., 1978) and from -6.2 to 10.9% (Schneider, 1978) . In the two experiments, a total of 1,481 females was measured, but specific estimates had large standard errors.
Crossbred females averaged 1.8 and 3.8% higher conception rates than purebreds. Although a mean value was not presented, European workers also found improved fertility of crossbred females (Sellier, 1976) . Johnson et al. (1978) found very little difference between purebred and crossbred gilts in ovulation rate. The lack of heterosis and the relatively high realized heritability (.42 + .06) reported by Cunningham et al. (1979) suggest that genetic variation for ovulation rate is primarily additive. Squires et al. (1952) , however, reported significantly more ova per gilt for crosses among inbred lines than for pure lines.
Estimates of individual heterosis for number of embryos and litter size provide little evidence that crossbreds have highr livability from conception to birth than purebreds. No estimate of individual heterosis for number of embryos was significant and the estimate of 1.25 -+ .38 pigs/litter for Duroc-Yorkshire (Young et al., 1976a) was the only significant value for litter size at birth. Young et al. (1976a) and Schneider (1978) provided independent estimates of individual heterosis for crosses among Duroc, Hampshire and Yorkshire. These estimates do not agree closely, particularly those for DurocYorkshire crosses. Averaged overall, heterosis estimates for litter size at birth were .38 + .26 pigs (Young et al., 1976a) , -.29 + .19 pigs (Schneider, 1978) , .62 + .54 pigs (E. R. Wilson and R. K. Johnson, unpublisbed manuscript) and .23 + .36 pigs (L. K. Hutchens and R. K.
Johnson, unpublisbed data).
Individual heterosis is important for postfarrowing survival. Estimates for litter size at 21 days were consistent in the experiments reported by Young et al. (1976a) and Schneider (1978) , except those for Duroc-Yorkshire and Hampshire-Yorkshire crosses. These discrepancies were related to the differences observed for litter size at birth. In all cases, except DurocYorkshire in the experiment of Young et al. (1976a) , individual heterosis estimates were higher for litter size at 21 days than for litter size at birth, which provides evidence of important heterosis effects on pig survival. In the four experiments, mean heterosis values for litter size at 21 days (42 days for Duroc-LandraceSpot-Yorkshire crosses; L. K. Hutchens and R. K. Johnson, unpublished data) were: .65 + .23 (Young et al., 1976a) , .23 -+ .17 (Schneider, 1978) "t.
.1
.32 (L. K. Hutchens and R. K. Johnson, unpublished data) . Individual heterosis estimates for litter 21-day weight were also variable. But some of the variation resulted because the same crosses provided different estimates in different experiments, e.g., Duroc-Hampshire and DurocYorkshire crosses. Also, estimates of heterosis for Hampshire-Yorkshire crosses were low (Young et al., 1976a; Schneider, 1978) . However, mean heterosis estimates were consistent: 4.2 -+ 1.0 kg (Schneider, 1978) , 3.7 -+ 1.1 kg (Young et al., 1976a ) and 4.6 + 2.4 kg (E. R. Wilson and R. K. Johnson, unpublished manuscript) .
Growth. Estimates of individual heterosis for pig weights, postweaning growth and food conversion are shown in table 2. Individual heterosis effects on pig weight at birth and 21 days were reasonably consistent across the three experiments. Heterosis effects on pig birth weight averaged .06 _4, .01 kg (Schneider, 1978) , .01 -+ .02 kg (Young et al., 1976a) (Schneider, 1978) , .16 -+ .09 kg (Young et al., 1976a) and -.0~ -+ .18 kg (E. R. Wilson and R. K. Johnson, unpublished manuscript) . There was an inverse relationship between mean heterosis for litter size and pig weight. Perhaps heterosis effects on 21-day weight would be larger and more consistent if adjustments were made for litter size.
Individual heterosis estimates for postweaning growth and food conversion were similar for all crosses evaluated for all experiments. Specific estimates of heterosis for average daily gain ranged from .04 to .09 kg/day and most estimates were between .05 and .08 kg/day. Nearly all estimates were significant. Mean heterosis for the experiments ranged from .05 to .07 kg/day.
Heterosis estimates for postweaning food conversion (G:F) were positive for all crosses. Nonsignificant estimates were reported by Kuhlers et al. (1972 Kuhlers et al. ( , 1977 . However significant estimates of heterosis for food conversion were reported by E. R. Wilson and R. K. Johnson (unpublished manuscript) and Young et al. (1976b) .
Carcass Merit. Generally, individual heterosis Schneider (1978) , 2 = Young et al. (1976a) , 3 = E. R. Wilson and R. K. Johnson (unpublished manuscript), 4 = Young et al. (1976b) , $ = L. K. Hutchens and R. K. Johnson (unpublished data), 6 = Kuhlers et al. (1972 ), 7 = Kuhlers et al. (1977 . bc = Chester White, D = Duroc, H = Hampshire, Y = Yorkshire, L = Landrace, S = Spot, P = Poland China.
JOHNSON estimates for carcass measurements have been small and not significantly different from zero (table 3) . Estimates for carcass quality (Young et aL, 1976b; Schneider, 1978) have been inconsistent (table 4) . Because different scoring systems were used in the two experiments cited, only percentage values are shown. Few estimates were significant; however, estimates for muscle color were consistently negative and averaged-4.1% across the two experiments.
General. Average individual heterosis values, expressed in units of measurement and as a percentage of the mean, are presented in table 5. In many instances, estimates from the present study were larger than, but in agreement with, those reported by Sellier (1976). They were also somewhat larger than those estimated from weighted least-squares analyses (Johnson, 1980) in which data from the same experiments were used. However, after those analyses were completed, additional data were obtained from two experiments, and they are included in the averages presented here.
It is difficult to determine whether heterosis, particularly heterosis for reproductive traits, is different for specific crosses or whether overall mean heterosis values can appropriately be used for comparing mating systems. In an attempt to answer this question, Johnson (1980) analyzed the breed cross means for experiments that included both purebred and crossbred litters from purebred dams. For reproductive traits, the model included the effects of experiment, breed of dam and heterosis (crossbred versus purebred). Weighted least-squares procedures were used whereby each mean was weighted by the number of observations in the mean. Residual mean squares were compared to a literature average of within-breed variances. Since the model tested only for average heterosis, interactions of heterosis by experiment and heterosis by breed-cross would have inflated the residual mean square. Unfortunately, these interactions could not be separated from those caused by breed of dam • experiment interactions.
Residual mean squares from those analyses are compared to literature estimates of variance in table 6. Perhaps there is some evidence to suggest variation in individual heterosis for litter size at 21 days and for conception rate. Sellier (1976) discussed possible explanations for observed variation in heterosis estimates. Genetic diversity among parental breeds (specific combining ability among pairs of breeds) and intrinsic factors were considered. Observed heterosis may also vary, depending on the genetic diversity of the sample of the breeds obtained for each experiment.
As described in each experiment reported, management regimens were reasonably similar, and Schneider (1978) found little evidence of a parity x heterosis interaction for sow productivity traits. Inspection of the mean heterosis values for specific crosses in different experiments indicates that a plausible explanation for the interaction is the wide variation in heterosis expressed by a specific cross. In most cases, it seems reasonable to use average heterosis values to differentiate among crossing systems. Sellier (1976), however, observed that direct heterosis effects were generally larger in HampshireDuroc, Yorkshire-Duroc and Hampshire-Yorkshire combinations than in Landrace-Large White (Yorkshire) crosses.
Maternal Heterosis
Reproduction. The superiority of crossbred females to purebreds is evident from the estimates of maternal heterosis for number of embryos 30 days postbreeding, litter size, pig weight and litter weight (table 7) . Again, there is much variation among specific estimates. Duroc-Hampshire crosses gave the lowest estimate for litter size when measured 30 days postbreeding but yielded a relatively high value when measured at birth or 21 days of age. Johnson et al. (1978) reported low values for maternal heterosis effects on litter size at birth for Duroc-Yorkshire females and a high value for Hampshire-Yorkshire crosses. Both estimates had large standard errors. Also, Schneider (1978) found no evidence that maternal heterosis for litter size was different among the crosses evaluated, and he reported only the overall average. In the two experiments cited, maternal heterosis estimates were almost identical for litter size at birth, but Johnson et aL (1978) reported an estimate about twice as large as that reported by Schneider (1978) for litter size at 21 days.
Estimates from the two studies of maternal heterosis effects on pig weight at birth and 21 days were generally small and variable. These were difficult to interpret because crossbred females were raising more pigs. The small estimate for 21-day weight may be interpreted as a sign of important maternal heterosis effects, since crossbred dams were raising more --6.6 3.3 --7.5 --6.9
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1.3 .6 -4.7* -3.4 -.4 -2.9 1.7 --11.0" -6.5* --5. pigs to the same average weight as-or to a higher average weight than-purebreds. Maternal heterosis estimates for litter 21-day weight were consistent, and similar averages were obtained in both experiments. Weighted least-squares analyses completed on means from these experiments (Johnson, 1980) General. Average maternal heterosis values from this study and from the study by SeUier (1976) are reported in table 9. These agree closely. Average values appear to be appropriate for comparing alternate mating systems. Also, differences between reciprocal cross females have not been significant (Johnson et al., 1978) , even though maternal effects on reproduction associated with size of the litter in which a dam was reared have reported (Nelson and Robison, 1976b) . Earlier estimates of the superiority of crossbred sows ranged from 0 to 1.2 pigs (Winters et al., 1935; Robison, 1948; Chambers and Whatley, 1951; Bradford et al., 1953 , Whatley etal., 1954 Smith and McLaren, 1967) .
Breed Effects
Conception Rate. Least-squares constants for conception rate (Johnson, 1980) Dufour and Fahmy (1975) reported that Yorkshire and Lacombe sows each averaged 14.1 corpora lutea, which was one fewer than Landrace.
Litter Traits. Johnson (1980) included breedcross means from experiments that involved purebred dams mated to produce crossbred litters in weighted least-squares analyses that included the effects of experiment and breed of dam. Residual mean squares were 11.2, 6.03, .13 and 19.3 for number born per litter, number weaned per litter, pig birth weight and pig weaning weight, respectively. Except for number weaned per litter, these values were larger than within-breed variances (table 10) . Differences among breeds of dam were not the same in each experiment; however, breeds Differences among breeds of dam were not as consistent for average pig weight per litter. The correlation between litter size at birth and pig birth weight was -.56 and that between litter size at weaning (age varied from 42 to 56 days) and pig weaning weight was -.62. In most experiments, pigs were given creep feed at 21 days of age. There was much variation among experiments in the ranking of breeds for pig weight. This variation may be due to the use of different management regimens and makes interpretation of overall averages difficult.
Considering litter size as a trait of the dam plus the heterosis expressed by the pigs (assumed to be similar for all crosses), least-squares constants in table 10 estimate the sum of the direct and maternal genetic effects of the breeds. In table 11, estimates of general combining ability and maternal effects (Schneider, 1978) least-squares constants. General combining ability was not significant (Schneider, 1978) , but E. R. Wilson and R. K. Johnson (unpublished manuscript) found significant differences among Duroc, Hampshire and Yorkshire in direct genetic effects on litter size weaned. Both investigations showed significant differences among the breeds in maternal ability. General combining ability (GCA) was defined by Schneider (1978) as being equivalent to breed of sire effects estimated from single crosses only. He computed maternal ability as the breed of dam effect estimated from single crosses only minus the GCA for the breeds.
For Duroc, Hampshire and Yorkshire, estimates of GCA (Schneider, 1978) and the direct effect of the breed, gI (E. R. Wilson and R. K. Johnson, unpublished manuscript) are different. On the other hand, estimates of maternal effects agree quite well. Also, the sum of direct plus maternal effects from each study would provide a ranking of the breeds similar to the ranking obtained from the weighted least-squares analysis.
Growth. The weighted least-squares analyses (Johnson, 1980) included the effects of experiment, breed of sire, breed of dam and purebreds versus crossbreds. Residual mean squares for average daily gain (.025) and days to 100 kg (1,102) were larger than within-breed variances reported in the literature (.0045 and 225, respectively). This may be explained in part by the fact that growth was measured over different age and weight intervals. The differences may also reflect average genetic differences among breed samples. These appear to be differences in magnitude rather than rank, as breeds and crosses ranked similarly in most experiments. Breed of sire and breed of dam effects were significant for growth rate (table 12) . Durocsired pigs gained .02 kg/day faster and reached market weight 3.2 days sooner than average. In contrast, pigs by Chester White sires gained .03 kg/day less and were 7.7 days older than average at 100 kilograms. Pigs of other sire breeds were similar in growth. Breed of dam differences were similar to breed of sire effects. The correlation coefficient between breed of dam and breed of sire effects for average daily gain was .90. Breed of sire effects estimate one-half the average direct genetic effect of the breed, while breed of dam effects include one-half the direct effect plus the maternal effect. These data gave little evidence of breed differences in maternal genetic effects. Thus, it is useful to add the constants for breed of sire and breed of dam to estimate differences among breeds in direct genetic effects.
These estimates are biased if maternal genetic differences among breeds are important or if specific heterosis differs among breed crosses. Heterosis was similar for all crosses ( Insufficient data were available for comparing breeds averaged over experiments for food conversion. Young et al. (1976b) found significant breed of sire and breed of dam effects. Hampshire-sired pigs were more efficient than Duroc-or Yorkshire-sired pigs; however, pigs out of Yorkshire dams were more efficient than pigs out of Duroc or Hampshire dams. Similar differences were found by Johnson et al. (1978) . Large differences in reciprocal crosses involving Yorkshire were evident and indicate important breed maternal effects. These are discussed in more detail below.
Carcass Traits. Johnson (1980) analyzed carcass trait means from experiments involving purebred and crossbred matings, using a model that included the effects of experiment, breed of sire, breed of dam and heterosis. Residual mean squares for each carcass trait were larger than literature estimates of trait variances. This may have been due to significant interactions among effects in the model or failure to use the correct model. Significant differences between reciprocal crosses have been reported (Bereskin et al., 1971; Young et al., 1976b) . Also, differences among breed samples would contribute to experiment • breed interactions. There was some evidence of an interaction, as breed differences were not the same in each experiment. In some cases, there were also large reciprocal differences.
Breed of dam and breed of sire effects were not the same for carcass traits (table 14) . Correlation coefficients between breed of sire and dam effects were .60, .36 and .33 for length, backfat and longissimus muscle area, respectively. This finding indicates the presence of maternal effects.
Perhaps the most useful estimate of average direct genetic effects for the breeds can be obtained by doubling the breed of sire effects. Average maternal effects can then be estimated by the difference between breed of dam and breed of sire effects. These values were calculated and are presented in table 15. Direct genetic effects for Hampshire, Landrace and Yorkshire were well above average for carcass length, whereas Spot and Poland were well ..... Relatively speaking, maternal effects were not large for carcass length, but they were quite large for backfat and longissimus muscle area. These analyses indicate that Spot and Yorkshire breeds excel in maternal effects on carcass merit. Additional data on maternal effects are presented below in the discussion of reciprocal differences.
It is useful to compare these estimates of breed direct and maternal effects with those presented by E. R. Wilson and R. K. Johnson (unpublisbed manuscript) and Schneider (1978) , which are shown in table 16. Some discrepancies are evident, but differences between the estimates probably have large standard errors.
Crossbred Females
From estimates of average individual and maternal genetic effects plus maternal heterosis effects, predictions can be made for the selection of crossbred females that can be expected to have superior reproduction traits. Based on least-squares constants for litter size (table 10) , expectations are highest for crosses of Chester White, Lacombe, Yorkshire and Landrace.
In a comparison of the reproductive performance of sows from 28 crosses, Holtmann et al. (1975) found that Lacomhe-Yorkshire and Young et al. (1976b) , Schneider (1977) , Kuhlers et al. (1977) , Kuhlers et al. (1972) , L. K. Hutchens and R. K. Johnson (unpublisbed data) . Model: experiment plus breed of sire plus breed of dam plus heterosis. Residual MS = .025 kg 2 (ADG) and 1,102 days 2 (AGE), compared to literature averages of within breed variances of .005 and 224.5.
bBreed of sire and breed of dam effects differ (P<.01).
Csee table 3 for identification of breeds. Hampshire-Landrace crosses farrowed and weaned the largest litters, and litters of crosses involving Yorkshire, Landrace and Lacombe were significantly larger than those involving Duroc, Hampshire, Berkshire and Large Black.
In further evaluations of specific mating systems, Fahmy and Holtmann (1977a) 
Maternal Effects
Maternal influences on different traits in swine have been reported (e.g., Pani et al., 1963; Robison, 1972) . In most cases, the ira- portance of these effects has tended to diminish with age. Ahlschwede and Robison (1971a) , however, reported that prenatal maternal effects contributed about 17% and postnatal maternal effects about 11% of the variance in postweaning growth and backfat. Also, Ahlschwede and Robison (1971b) reported that maternal sources of variation in 140-day weight were larger than direct genetic effects in both Duroc and Yorkshire. For Yorkshire, the maternal contribution was estimated to be 3.5 times as large as the direct genetic contribution for backfat, and correlations between direct and maternal genetic contributions were large and negative for both breeds. Maternal effects on postweaning performance are also detectable through differences between reciprocal crosses, assuming that the samples of sires and dams representing each breed are of equal average genetic merit. Bereskin et al. Tables 17, 18 and 19 list differences between reciprocal crosses for growth rate, food conversion and carcass backfat. Reciprocal differences for growth rate are small and inconsistent, but large and consistent differences exist for food conversion and carcass backfat. Particularly interesting are those differences between crosses involving Yorkshire. In most cases, food conversion and carcass fat were better when Yorkshire was the dam. This is particularly evident for crosses of Yorkshire with Duroc and Hampshire.
The way in which this effect is mediated is (Young et al., 1976b; Johnson et al., 1978) . It is possible that reciprocal crosses, although genetically equal, have similar weights but different compositions at weaning. This could result in different physiological demands for energy that alter postweaning food intake. This would also affect composition and efficiency of growth, but not necessarily rate of growth. This effect could be due to number of pigs per litter, composition of the dam's milk, a combination of both factors or perhaps some other, completely different factors. Fahmy and Holtmann (1977b) showed no appreciable differences between breeds in composition of colostrum, but milk from Yorkshire sows was above the overall mean in mineral, ash and energy content. In any event, reciprocal differences must be considered in comparisons of breeding systems.
Crossbred Sires
In the design of breeding programs, crossbred sires would be recommended if the advantage obtained from paternal heterosis outweighed the loss that might be expected from recombination and the increased complexity in the general structure of the industry that might result.
Hauser et al. (1952) found that crossbred boars surpassed the parent lines in testis weight, epididymis weight and stage of spermatogenesis. Similarly, Wilson et al. (1977) and Neely et al. (1979) found that, at a constant age, crossbred boars had significantly larger testes and more total sperm than purebred boars. Wilson et al. (1977) also found significant differences between purebreds and crossbreds in ability to mate successfully with estrus females. Conception rates, although not significant, were 8% higher for crossbred boars. In an evaluation of purebred and crossbred boars of Duroc, Landrace, Spot and Yorkshire breeding, E. R. Wilson and R. K. Johnson (unpublisbed data) found that crossbred boars had an advantage over purebreds in conception rate but that there were no differences in litter size and progeny performance. First-service conception rate was 75% for 376 females mated to 48 purebred boars and 83.9% for 243 females mated to 71 crossbred boars. Conception rates during an 8-week breeding period were 91.8 and 96.8% for purebred and crossbred boars, respectively. Crossbred boars averaged 1.22 services per conception, compared to 1.41 for purebreds. Litter size at birth was 10.10 for females mated to purebred boars and 10.01 for those mated to crossbred boars. Postweaning performance (1977) .
was essentially equal for progeny of the two groups. These results agree with those of Schlote et al. (1974 ), Lishman et al. (1975 and Fahmy and Holtmann (1977a) , who found litters produced by crossbred boars to be similar in size and weight to those produced by purebred boars.
Theoretically, progeny of crossbred boars are expected to be more variable than progeny of purebred boars. Several researchers (e.g., Rempel et al., 1964; Lishman et al., 1975; Fahmy and Holtmann, 1977a) found little differences in variability, and, in some cases, progeny of crossbred boars were less variable.
Concl usion
Large breed differences in direct and maternal genetic effects are evident for most traits. Individual heterosis is greatest for growth and survival traits, while crossbred females have a distinct advantage over purebreds in litter size and weight. These genetic differences suggest large economic differences among various crossing systems, differences that depend on the breeds involved and the percentage of the heterosis utilized by the system.
The economic advantage of crossbred boars appears to be derived from higher conception rates and fewer breeding problems, advantages that may be quite important. A 10% increase in first-service conception rate translates to about 210 maintenance days per 100 females in the breeding herd. Also, fewer breeding problems and more aggressive boars are economically important.
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